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Chem cal Mechani cal Pl anarization Apparatus 5 BACKGROUND OF THE | NVENTI O\I‘\%U)
Techni caWwOR2aB2#210 The present invention relates to the cREHEHEBNQIDS —
equi prent in which chem cal mechanical planarization ("CVW") is performned.

In particular, the present i nvent'mmmmm‘\to chemical conpositions for
cl eani ng CVMP equi pnent wherein s N ons have i nproved cl eani ng
per formance and/ or reduced hazards togdh®e equi prent, human staff and
environment. 15 Description of Related Art Planarization is a necessary

step in the faprication of nultilayver. integrated II‘CLitS("lCS"Eﬁ
fo anng Ch gLy : ALZ ith the

provi di ng a f|a2mPO}HAY e LACEICAY !
«accuragy required of nodern | C conponents. The conventional planarization
technique is 20 CWP (Chem cal Mechani cal Planarization or Polishing) known

in the art and described in text books (for exanple, "Chem cal Mechani cal
+ Pl anari zat{ [?ﬂjef ﬁE tlf;)rl\'&al s," by Joseph M Steigerwald,

Shyam P. Rerrat-d—3-—cotre,— | 997) . i w makes use of a
pol i shi ng pad brought into nechanical contact mmmmm m\ to be

planarized with an abrasive/reactive slurry interposgg,getween polishing
pad 25 andeghmieal Fialdpi cal CWMP slurries contain constituents that react

chemcglly wthut t WA . . i nts
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silica, alm aano98d bekdifly AQfohIdaEL Eﬁc{/bﬁ/rﬁﬁﬁ@eﬁt a¥drds &%@@gﬁgflﬁm, mhgal 1y,
in a practical production’environnment, these slurry materials cannot be
entirely octaff ambehvironmbet. pol i shi ng pad and often splash onto vari ous

porti (igs of the CWMP apparatus and dry in place |eading to increasing
deposi'tts of CVWP slurry materials at various |ocations within and on the CW
appar at us Eés%ﬁéﬁon&%&%&%rﬁ' so tend to accunul ate on the interior surfaces
of WO 0 ~515 delivery tubes and other nmeans used for

di recting the (Nmnsmizetionyistamet¢rsanyestepsivdhe fabricaiion ofsnwititayevimirazitedscipuits d
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br eak Ioos(ekésni’tpﬁ%“&’g}%]igg%t’ Sfrbolph? %‘fr%a%&}éaglg%{)%%%eﬁegsm?%é egei’&ﬁ%ftg | back
onto the pebidaby AYuiRedst meadrae o@ﬂga/oﬁéntal Thetsverlti@seplansanitied thnhiaté e
particles dislodged fromslurry 5 deposits_on the CVP apparatus are a
sour c@0of EMAEhamics] Meshanigal & gadton; 95 Rolishing Hanpwigin tg"a@l@ énd deseabediin; 5
uncont r ol I ¢ ng s I b I . L.shi ng
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material s oth supst ances have to be ri.odi cally. remoyed frgm CVP
appar at us @#@rt@‘fz mg ?ﬁé‘SBQEHPBﬁ g P%Cg].’msﬁ?ettl t@'rmT%‘a%/lﬁ%l Croél}‘/?ﬁg‘gftflgbecur s

af ter eachypRfioaaifiized $than\WBeisiveRBARIVE siPflifterse@béISEBA bolighiiPadot her
mai nt enance schedul e does not negate the fact "t hat the apparatus eventually

has t @5be andovafeyhTypical EMMR slurriestaeatains fenstitpents dhas renst chpmigaibewite iier aneous

materials are renoved therefr Pal | shi i ont aini r 5 c
irate PerREEHS TTHERt AR ot RE ok Rotf{thehlh yihk pERaA MY Al RaBEN ©

oxi de ( Fe2BB3sisie SRélupee hbidn éfne pbBshigpadowitRisdpadt idilie witer leadsctoipbHstaiig
slurry distribution systens that carry slurry to individual CMP apparatus

and to speefithe wafes dhreghaeqhaniahalupsonr qud phaspical eiddd® £ occul ent
precipitates ca : { -1 2 i -1t han.
system and correﬁllér)l%bgg%‘(l)é;l{@g{/ pé&ﬁﬁﬁ% %gte\%\]gkg}rggﬁhmm es ngﬂy}é%mlgl%lgérebisdcajrbgitg}:vﬁi ng
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for renmoving deposits.fromthe interiqr regions of the slurry-carryi
di st ri but infﬁcté&g?&)@ﬁgct&wra{l@anwﬁe : é‘%%ﬁaz% WO% %ﬁ?ly%f’%@ﬂﬁidﬁg%%akes
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typically not m cal |y designe reak off or to dissolve typical CW
resi dues. IEading ta inereasing derositsrns CMR slsoy apaterials #t Vgiiphs locaionsyeithin end gref | on

scrappers. 2 i S _scrapi echni que i s .bhath | abari . and tine-copsum ng,
and resul t@e?}wﬁgpadﬁmﬁﬁigﬁolheﬁﬂm? g’égéer%atf’ta?% é@gtte F?QSH efr%l;%erfoélsw %Ca?EQPont 0
the apparatus and eventual |y back onto pglishing pads, wafers and/or

pl aten. Uncontrol |l abl e wafer scratching and reduced product yields are the
typical results. Exanples of CWP cl eaning systens including w ping
operations include those conmercially available from The Texw pe Conpany
LLC of




30 Upper Saddle River, NJ for use in cleaning tungsten CWP slurries (TX8606
SCS) and oxide CWP slurries (TX8065 SCS). Additionally, current nethods for
cl eani ngwOM2/1apipar at us nmake use of hydrogen fluoride (HF)PEWUMI2e:S and/ or

pot assi um hydroxi de (KOH) solutions. Typically, 2 WO 112/132.t2

PCT/ USO1/ Zlehiwtry tehmscod pihat xgapirused §of) diregling thecCME salm% todhg¢ o%essao}' sitesdib ut e

| f 10% sol |
or KO sorte Bhpebs Bl Shaf e ooe b aRib e R Soff PRUINS o pi iy el
appar at us bréiiktlob&a ithicctyplcaPform®f abthsid pasiales Mk Yar fdmﬂﬁdk\dhtd‘thééﬁphmg ed
("DI") water. The use 0 hydrogen fluoride (HF) for cleaning appar at us
has seri owpedsiiveaiers and/agpletens. Thessgummantst abrﬁssvemﬁytl%m&owdrfgor@ﬁ Wighel y
. del et d
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di spos aI edyheise, ilibriglia, Sitodigdablepy sepstratoliisg NAdHitioaalsy) sbmie RREryViBhing
-working with and di sposing.of HF. Additionally, HF fails to successfully
remove sorfeAteRRRwch asdersicmitrap sries tyaicallused forEMP ofgungsierayss FIse HE can

al so dama (ﬁ!@t f

di sadvant g‘g‘él g magt%gog asso??’?art(ﬂ)l %nﬁ@gﬁfrgﬁﬁs@eg S%Jggtshg# hgrgs y%%ohavgle (KOH)
for cl eanlheg)eﬁwﬂlca]mpmrmvad ﬁoEDCmepﬁakntmwhﬁélﬂtdyatalvs bten deposiesis fWhether enove
soma(i sta ns such as ferric nitrate. Additionally, KOH often | eaves

al
a resi gual %’Eﬁ‘?&ﬁ’s" PGCYFs fer FethRad; dhanes: OReb? 1eck GRee &MonHb OB BISRAL (3 2hd
pol i Shi N gpRd rhdiendiite TEedERNRI DA ZaR L EROMHCHRTpNBARL SvANENRMN to be
resulting in detrinental effects on t | ectrical performance of
devi ce andherongllycicaned sothygi sty akdipthlhewmwanted &kOidneeus nadtsnalsl amgmovwa
pl aten pI es.and some of the material used to formshields of the CW
appar at us %‘? BP |1y Lexan). Although | ess dangerous to humans than HF, KOH
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Thus, there is a need for a cleaning osition for renmoving unwanted

deposilfs f(F@G@I@vPaIab@mcemée (Hﬁa@s)afﬁ%dﬂqsrt atdenddp p@@pepltmrwst e gpndwifs of of
the short ¢ )
vent  on SUERalbls sFJﬂlé’thsféé b sty fo AL CRIP SRl a0 g RE S

i nventi on ldmtbnﬁloiithim@ erfthlTheserﬂdb@ﬁltaﬁaﬁémpﬁatbhmﬂ\ ﬁ)ée traverse
Thur man- Gonzal ez et. 99/ 23688) . 25 BRI EF SUMVARY OF THE | NVENTI ON
The pr eserfhrongh & shemy ﬁ*étrﬁwé@n%st@ﬁ@ﬁfl eamme dupseaaet wily thevelas: fodssipplase

for cl ean'ﬁﬁe%at@lﬁﬂ% H{E‘?’}Esulﬂ NEdrdd] MGrebidIs nbdi fBF b% %c@ﬁigb?ﬁ%ﬂ cf8AfI t S

for carrying CW ry to the necessary sites. conposi ti ons
of th&0pr égemmowmv@dﬂplosms faom the sxterB regefiudf th@sluq:rgetarr@@ distabutiongsystentshe
wafer itself ij{ﬁses of cleaning conpositions are described, all of
which are aﬁﬁﬂfé% WétB ARV AEKe | ass operates in a preferable pH range

fromabout 11 tOuahRYtaclide MaRediselofcaiPActartt 8oluilbitSfop bRaslhg OV apfitatu®ni C
surfactants, one or nore sinple amnes, a surfactant or sticking agent such

as one or Fhssesalationsiase tpigedymet cmigaﬁlxdqsmp@tmb.@abnﬁ o3 to digglve pad- 42
PCT/ U S11 |
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conposi tion operates In’a range o
cont aiz§s OItds scraping ﬁachfnqhamtbdth &lbbﬁouﬁaﬂdr tirie-aonstindng] aod atsults acthd. A third
cl ass of conpositi ggzﬁl s acidic avi ng%c:il preferabl e pH range f bout

h
1.Sto ab(ﬁ?Per:?tlobP epariicles ahmay dyl Qi the gppargiys g .eﬁaméaéfyobac t | east
one chel atipg Hgamcip A, \Jvﬁ@ﬁst n88 pidté kﬂ}ﬂ&nﬁ‘aﬁﬁﬁl %@er%trataﬁfg arfart%d@dauom c
an p

surfactant are su statla absent romt e preferred .
conposi t i gedurt yidhds aue d&dmplcalmzmitsu Emmﬂesmf CMPpdsiningsystenis intladipgospmg

invention are shown t e advant ageousl| Ieanl the rey

di st ri but i GHrALPLE 8}?11“61?’ t%@ﬁ Cﬁﬁmﬂgﬁ}é av%%hﬁag@qrﬂé?mg Wfl%? B?nytﬁeeﬁ esent
. cl eanizgg COPRE TalidieREvE! KT Fhrast &l L1R¥MiAg tungsten CMP slurries (TX8606 SCS) and

oxide CMP slurries (TX8065 SCS).

Additionally, current methods for cleaning CMP apparatus make use of hydrogen
fluoride (HF) solutions and/or potassium hydroxide (KOH) solutions. Typically,
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10 One advantage of the cleaning conpositions according to the present
I nvention is that they clean better than cl eaning conpositions based upon
bot h HF wodh2KkiGe42 Anot her advant age of the cl eani ng conposPET/BHE/ 24ESor di ng

to the present invention is that they are conpatible wth typic
plastic arrenertafedddl (40%) dilned BNF(1ap it ol o7 & “Wﬁ&%““&?é’ﬁ&eﬂg aﬁgrl)/\éssi ve

as HF and 5%% &1\?{%0#3?%%19}%02&? TRUEE s8R br Ko %1%[} Ir§1 é?@@ﬁfﬁp‘r‘@ed%nto

further a&van age ani ng conpositions accor o the present
i nvent i on the virkais stiffeyesaif thef GNP appsratsitbatirequtiteasiedding adotwbhesquaniiannsgde of

the cl eani ng conpositi according tg the present .inventjon i at they
anel i or at VEnGeTOMFRS {t ﬁp %d’i’f’éﬁbig‘f u‘lﬁ%e%fﬁ’rymﬂ%egﬁlg‘opa? gilng)d{%f Sf‘:ﬂ?—*?lg%a further
advant gge aggﬁltaﬁﬁ Hak Qa'mt@glis%@%ﬁ%eﬁ h@RFesARGPHHL Sebstact BeinpegsaAtlyl Nvent i on
is that, | I ng conpounds capabl e of rel easing potassiumions, the%/]_édo not

| eave a r aklaeridusto tedwinidandrone fstrpaitieesis posoraslt thraugh tlunskithandgsrereanltiel s

occurs with the u of. KOH. .Yet ther advant age ,of the ¢l ean

conposi ti ?%%ﬁa?tﬁﬂo?g?fﬂ’@%& gg[gﬁ]tso %u?rﬁ/@?ﬁetcﬁ‘gﬂmpgsalli]ﬁlg& ot%fgfeyﬂﬁsénd to

| oosen resjGuast blehRfons hAMYEE Q@AM WRGU6RthgRitkiahd Hispesing fHEONME cases,
the requirenment of usi a tool such as a spatula for scraping off residues

from CVP abgditiarnally, HE fgﬁ$ 1ol puacessiullpaemenes sonep/ehemiend sipinssyeh as Eoame pigrate.
iti dj.ng to,th t i Qi hey typi cal |
Coaut 10 BTN UEbah A hp e R Rm R RR AN P e, 58P soorcl

bri ght sponge oA filifipliéikeof disidviRaEssidngalse adsdeiated witti thetiendfpdtassaim i nat e
scratches to the CVP apparatus caused by cleaning w th nmuch harder fﬁﬁd
grittier, kyssexjde (KQP) den qleaninsdMye usr &or ope thing RH faids RrivstfssiBiY t he

present iny i i Lo t g Si . | '
T aces gETe S ufdiatithd el R e NI ok G Bl R a
PCT/ US111/ RsiladlSoAtpotitien of guasdiagea niobilé eonp pe slendpparansrand grolislsng had thiekence

of abrasives. BRI EF DESCRI PT] ON OF THE DRAW NGS Thi s appl. i i on _has no
dr awi rigs. wm@mramlm@qowaﬁrtﬁemm@%a@%%% & %‘ﬁs_ are
shown to .béc%%é@élg;erfbﬂn&% RHRCAdvER il alrBGudboR $€ Hleld. "FEHeHABrAR OH eaNdlsg
agents for equi pnent. These conpositions can be used singly or in
conbi nat i odamagedhaplatengdatepandasoineust the giatanial vsedith doranshielgpaf liedMPequi ri ng
cl eaning as 10 speci.fi her ei ., or terymned by .routi | tation on
specific dgﬁa&gaft?i&ymg x?pb\&&houg?ﬁess dangetous % HuRibhk ﬁ%nei-)ﬁpﬁ{d)ﬁqg
nevertheless caustic and requires care in handling and disposal.
20 Thus, there is a need for a cleaning composition for removing unwanted deposits
from CMP apparatus that ameliorates or overcomes one or more of the shortcomings of the
prior art. The cleaning composition of the present invention is substantially free of HF,
KOH. Furthermore, the present invention does not make use of HCI, in contrast to the
work of Thurman-Gonzalez et. al. (WO 99/23688).
25
BRIEF SUMMARY OF THE INVENTION

The present invention relates to chemical compositions and methods of use for

cleaning CMP equipment, including the interiors of delivery conduits for carrying CMP
slurry to the necessary sites. The chemical compositions of the present invention are also
30 useful for post-CMP cleaning of the wafer itself.
Three classes of cleaning compositions are described, all of which are aqueous
solutions. One class operates in a preferable pH range from about 11 to about 12 and
preferably contains one or more non-ionic surfactants, one or more simple amines, a

surfactant or sticking agent such as one or more soluble dialcohol organic compounds and
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One conposition pursuant to the present invention ("Conposition A")
conprises a solution of one or nore non-ionic surfactants, one or nore

si npl e awionesiz2Bne or nore 15 sol ubl e di al cohol organi c cBEHESHPIS(Sor ot her
substance conpatible with the conpositjon and functlonlng as a surfactant
or sti cki nepeayantry qaﬁfarr@ﬁbémarneﬁnﬁeseam Jrsit Fleaning $eMPPRITIQN CREfAeS ifs2

sol uti on, r
shoul d be %xﬁr%ﬁebﬂ 3 %époglﬁ? tPlc?’ & 5@@6 g%n%gg%{%bwﬁ%egpgﬁﬁfgﬁgées of
t he conposadid aml oxAtid |ab1do e tiiyd clags df somppsitiomns atidat havieg e lpoeferapleipH rapget he

20 surfact e su S ngt tqQ render the rfactant . unstab) e when used in
Che ol oot BB aBRRoLS fo Shoul B arefhsthly Gateinie R JeCone SR e reah o 1 Sppie
presents i “Mf’e[ﬁtingr&gérﬁ QIEaS@bH@EtMn%Eagéﬁf(m&i&gb orfe%m%é E'Lﬁifé&ﬁt offpwhatich is
gi ven by the fofllow ng OH 3, 5-di net hyl

1- hexyn- 3-BOH&eGnbstargiatlylabsamtnfirenciba lpréfenred m‘mndsmoab m? theesenbmivention.
surfactant is s Pr od er the r adename

|
St oorat 61, e rombdiatciibe BPaN ifvaiote RhowRo b ARl Rl e

nono- and %cﬁﬁﬁh@ﬂyeﬂmeisﬁ%tﬂcsbst@ﬁ&ma G2/ 1322 PCT/ U801/2 4sl S
di met hyl - 4-octyne-3,6-diol ( Surf-ynol g 6- di net hyl - 4- oct yne- 3, 6-di ol

on an anor phousAsiong ¢he %Ch/rﬁfliaéﬁs of the Pf@%ICIGaBQlS)COmQSIiIQW areshafpllogénginedi ol

( Surf nol ni.ne r are
st ul 10 n’t ne pOls P BROEE ERE PG LR abctudh o Ble TRl AT RS oy
am ne conpenificy slesxubéﬂt@itmdwaxﬁ@g tdahpsositions bhded upbﬁaatmﬂmﬁmmﬁtl on. O her
functional groups may be esent at the am ne end of the nol ecul e. Exanpl es

of such additi offaptheradvan Breqlgrang rompesitingeiaeRIding iihg pesseridpygntion
f |
unct i ona fsttﬂat?l'fhs' a?étl Etgqlé‘%&{tﬂélggléaﬁ’g%%d‘&d rﬁétﬁh%ar?soof‘tgé‘g%ﬁﬁ ;%Jﬂfat@% I mar y

am ne nature o e ls Am nes vin r ut 8
car bons axmdmesi aﬂenlonas digr@ssaxetasﬁl? arid KO#I inrattaeldng the\marenmln oftheltMEh t he

volatlg% y of ical Cl amnes is a possible 10 di sadvantage. The

pr ef er abl e*hP ‘is CZ -C6, tending to offer a good bal ance of non
volatility and aGliHRdd ddvinth ameefya:aﬁaglcbingamkﬂsouc%ahng 16t pRB&ItI ty on the
nmol ecul e i s advantageous. Propyl ene glycol be used as a surfactant or

sti cki ng ateemtianis thaé thayaee far dessicaudtic tmneHEnt invention. Qther such agents

I T N e e

speci es SUﬁhhﬁ&hW@idi’t‘tb%ﬁﬂr@i&h@iﬁalQﬁs nt@smmdnemaa&wtaemmy be used SO
| ong as these pénagnerl C species are a uatel¥ soluble in the conposition
i 1

and pr%Q;. p. t at pherndyaptageof the ct&'@napwptripeﬁ anscacspiiRg tO(t\hﬁpaqﬁents t he
typi cal ngltlﬁ&ﬁs Mt Li%%lhﬁ?g%h@ur{@%&%ﬁ@efymieg% {n%f;éfhﬁr &gtdosrﬁw‘? a@é)

20 Tetrane anmoni um IS typlc y use ust t

of the conm&mdwabmmﬁﬂxﬁmrcdqmtﬂssmhemaienglmrmhpappa'ramm asragcmawﬁhdlqaisemrﬁ the
range fro ut 10 to about 12.S although the range from about 11 to about
12 is pref d. Variations of the present conposition containing greater

or |esser amounigt flothéeAdiaiagt SGhdEleMiRE corfipditidrisdlocdiditigtb @hd fresent
Conposition A fol | ows:
25 invention is that they tend to loosen residues thereby reducing the required manual labor.
In some cases, the requirement of using a tool such as a spatula for scraping off residues
from CMP apparatus is eliminated.
Another advantage of the cleaning compositions according to the present invention
is that they typically require merely the use a sponge, which does not have tobe a
30 SCOTCH bright sponge or the like, for removing residues. This tends to eliminate
scratches to the CMP apparatus caused by cleaning with much harder and grittier, sponges
typically used heretofore.

Yet another advantage of the present invention is the ability to clean residue from

the interior surfaces of the CMP slurry distribution system.
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25 Typical Conmposition A Proportions SolutionG ansDl water4700Surf-ynol
6160Monoet hanol am ne (MEA) 300 (@ 00% sol uti on) Propyl ene

G ycol 90WDe2riamet hyl amoni um Hydr oxi de (TMAH) 4 6 WO 112PABRN1/24515

PCT/ US01/ 2~S1S Conposition A Ls particularly.useful for_.silica based slurry
systems wher ei nf*B% er(ﬂ@&a %5%?%‘?’8?‘7‘58“%%%‘&‘8% % tzleflgffin(‘f%?f £8Y%and per haps
hydr ogen peroxi de type of residues. Mreover, and surprisingly, it was
found that the Conposition A worked o wi de variety of residues including
iron nitraBRIEEDEHGR R ARANINGNd wor ked irrespective of

whet her c r Roli:shi en polishing or silica polishing had been
perfornedéﬁl%gﬁ?lﬁlé:ra{ﬁ?)l?é, Erlrrlég'g'? Sion A al so may be used to sone degree and
under certain conditions for cleaning sem conductor wafers. For exanple,
Conmposition A can be used 10 to clean seni conductor wafers after they are
pol i shed. REdAd D D. RE TEHE 1 WELO

RETTON/ON TEH INVER $h) ng appar at us is still wet

+and the parti C'?%gﬁ%lﬁ@lﬁ?%}i&%ﬁ&@@ﬂo B BiiscAll iy B drhdice GPIRGRLEh O Auifian_be

used to renove nposition A can oth a wet a

dry envi r oasd¢tningldgeRsefpaCMP equipdaentalThyse donepoSivivpe sart bowsed singlyporapar ed by
first preparing a container, of DI water t ' t he non-ionic, surfactant
(typicall y‘?on@?lﬁtiﬂﬁ‘oﬁ'@‘iei‘ﬁ ied fo yaqiQus agiaps O%W@W%mwa@wn&ﬂlqaamsby t he
addi ti 0 : ined] ik p?e}%n dntflidntsh bbakicibsyitgll di ssol ve
and m'@qqu%%eg{ﬂ&gﬁkﬁg&?%%@y{&@mhﬁdEf?’r%rl?lng)f The pHis t%’en l?reglgdé} ed with a pH
probe and 20 TMAH is increnentally added to obtain a final pH which is a
pr ef er abl yg@&@@iﬁimll but bel ow about 12. These liquids are preferably
conti nuous thin the container during at |east the tinme period
during whi ch t hgnéesmpsditib®PursSan? iERPeSent il CerRRRL(BCHAPodiSort XP) @o@?ﬂse@a
open-top container such as a beaker or bucket and is typically nmade of a
pl astic tyguuti ofeaneror ahors nen-igrit syiastanis aae oh@PlEimplcgiainey Pne FEMPIke. 2S
Stainl gss steel ,contajners. black jr n | i ne

vl delr - PG GO GRSty GRoBBru®:ante SIS A Hibelfion,
sol ution camt Ahoschihey £5facting atlstikingyenty ahd ohd 6r MoACGUatEnar atnivespinesent
invention. COVPOSI TI ON B 30 Anot her conposition that was found to renove
particles aifgowetoAntiqne tyriealyderigaizedh DIS) walkhri sed of DI water, oxalic
acid, citric aci AGHHC s ot AL E9 fheURpBLiRBhH Yn@BiMERIbICRRKI ne
hydr oxi de, tetrtgtfriife\e*%1 13 a{rlr(rgr%l%?dtf?nm}gy ré‘gﬁﬁse&%blll\/lﬁd—{?\,e 7%Hp V\b 02/ 1322 '

PCT/ t | SO1/ fhegitbragpes of the sommpogitien. t Additiomailyhi isiepbriant thetrine elquemioint log he
et al %( ! dgur arc]:%jan? Q glgchrta%tn%lt tosl%lnaer the surfactant unstable when used in the cleaning
composition. One non-ionic surfactant found useful in the present invention is 3,5-

dimethyl 1-hexyn-3-ol, the structure of which is given by the following:

CH, CH,

Ho
HaGC— CH—C——C——C==CH

OH

3,5-dimethyl 1-hexyn-3-o0l

25 One useful commercial form of the above non-ionic surfactant is sold by Air

Products and Chemicals, Inc. under the tradename Surfynol ® 61. Other surfactants sold

under Surfynol ® tradenames include mono- and di-hydroxy compounds such as 3,6-




contam nation from CMP apparatus and al so can be enployed to renove these
sane contam nants fromwafers polished with CWP slurries. The polished
waf ers cwi g2netwade copper and tungsten. 5 Additionally, irCHestizeéss found

that this Conposition Bis. esgeci al lbé effective at renoving jron, copper,
zi nc, pot abwethyl-drodtynet3s6-dinl CBurenel n82)ke 3.6-dimstledt4-exmo30tdielPIEPY opor t i ons

PO : otz naDe o-diypstedts o ;
Sol ut | on) FEITIRBBHYICHHHEHE NI 8P gmarmany oo Seypiol SERRelor O wat er)

10 Typically, tetrangethyl a i i I j

Conposition B( P a“&ﬁ%?lgg@% ﬂa&%ﬁ%ﬁ%’%@ﬁ% %)1% 1%?#1}’5{%% Bgdcg& §’§

pr ef er abl yhapRiént Snvientidil Bb Lol aCeHEIRSHdulaTanBnLeoppoiridis sufficiently soluble in

- Sol utionG ansDl water2, 657.90Ci tric Acidll5.1 SLactic Aci d63. 35Chqline (two

step addi tthepleardng gogpesition s0teyhurtem! groups mayfeRipsept atdhe pHE oo Oégéed to
adj ust the_pH Lt Lo ) ot : I i e LL1on
3011 has S FRABRE bE Atn At Gndic Lol npag Yok, o BE AR

WO 02/ 13 Zandtionphtyaindanhd?GRiSEHbiEs (ddihbin€ostpy so tangras Bid primary amjipé vatlifeyof

prepared as described herein., with podjfications Eta$ li%ent t o .t hoge having

ordi nary dke molecple s peesgived. Anipeshavmsnremn 13gRpeW; "E 1@ usefldp Mogous.

Typi cal |y, I j o 1+8; i i ssibfOt i ng

(he. el ghiPr S R e L o B e e

t ypi cald y disadientapd, The preératidé vange i$CsiGuutendingdo ofist a goadhpplanse ofinprer i od of

time, typically approxjmately 10 m nute The nd tenperature of. the
sol ution i‘é‘ﬁlﬁti}é}’ Eg‘i) F‘&“ B tﬁ?}BOIPB‘?,SHF%Z&WPW@E%‘O&%%’C%&E}C i?cufehlé pH is
greater thaR.ARedHusl3 following this first addition of choline, and that

the tenperature of the solution will be slightly lower than prior to
addi ti on of theProhglehaglychlonay bé usediag asvifactprt aryshicking pgerd it pracsice ek tHepl e,

apr oxi Py oA Ehénth Real SR RHGBiahb| et SbrPRE A & cooo
about {53 agEylbRegliesmadaheik: W lohg hi1sdegaste sSbHit & the\dbinipesitibn ispragnt. 15

citric acid 1s added to the solution, typically about 3.29% B’é we@(hghf?
After abouRolymeri¢ ppacies syeh at palysthyjeneoxidepepelyprogyiens exidg may HeisediSaioRst he

pH wi || tyﬁi}ﬁ?&ﬁ'pﬁ)&#ﬁ?f& %}%fﬁ? We@él&ﬁ%&&%)ﬁolﬁbé'iﬂ-{ﬁkecoﬁﬁﬁ&ﬂﬂ)naa%@iip%cmta‘ﬁtmCh0| i ne

is perforne noun obtain the desirted pH typically a pH
of 9.0 is pleblensdn aihd dumissitionirt afset (Whilyisdhstypiral sivetion ncqumangwitiuct i on
of the present conpositions. Snall amgunts of citric acid can be 20 added
to the sol §5HALY, OWHB?]@%@@WWERWG?‘PSthe added chol i ne reduces the pH too

much, 3ying on {he Al Haifordif jﬁyﬂ&foxfcféQTﬂ'ﬁ@H? ity pidally kMEESh AN EpAnTthe
conposition (Conposition C), which is typicall ﬁ sonmewhat aci dic, :
composition. The present cleaning composition may have a pH in the range from about 10
to about 12.5 although the range from about 11 to about 12 is preferred. Variations of the
present composition containing greater or lesser amounts of MEA may also be used. A
typical mixture for Composition A follows:
25
Typical Composition A Propottions

Solution Grams

DI water 4700

Surfynol ® 61 60
Monoethanolamine (MEA) 300 (@100% solution)
Propylene Glycol 900
Tetramethylammonium Hydroxide (TMAH) |4




25 conprises DI water, hydroxylamne nitrate (HAN), a mld oxidizing acid
in conparison with nitric acid, oxalic acid (as an agent for chelating the
i ron resweéuassthnat may be found on CVWP apparatus), and anPGRUSH{2d515
surfactant, typically DOANFAX 8292 surfactant, and propyl ene glycol which
acts as a sticking agent so that the cleaning conposition will stay in

pl ace for an effective period of tinme before draining off the apparatus.
Addi tionally, d 30 M\E 292.54 Jeﬁ%fu"f‘x\'}z LemR vtk dipme acid
of a phenolic 2@%1 %%lﬁ%ugﬁggélﬁ%?léa, eg%(%rrpog?t{lon C Sgb%esi gned

par ti cul ardMPtappaamRieeipoead toesilich)eatel aodrperhepsividragepareatude typel of tasslves.he
use of the HAN and oxali¢ aci.d as conpaonents thereof. .Eurthernore .

, Conposi tion C aMe¥ronsis apd F‘FP’E“‘;’fmgﬁ( g EI"@&%‘?'HE‘ t@%&%ﬂ%f;ﬁaweﬁlg?nvﬁa‘ﬂaﬁ‘gdf’é} aide
degr ee san ARG iAo MRS ate, FEm S AN kRica CURRRS hhd GBriedcan be used
to 9 qu’&gifq%%ffgﬁgﬁﬁ U %lﬁlggIlSI &'clean sem conductor wafers after they are
-pol i shed. iNespaetiveyof whethéreroppearpotighingf tuaggiel palishing aspivepolishing had be¢an wet
and the partjcles disposed thereon are not dry so that Conposition C can be

used to r eNEfrem Hence, Conposition C can be used in both a wet and a
dry envir O”WE”tFurﬁiéHinS?é, BSiibh 1A0%1s a?%@%éd BRomeebide ARG ANE Dertain
wat er 3, 436. 11Hydroxylamne Nitrate (HANJT 78 (@2% sol ution)Oxalic

Aci d130DOWeANitRRS Forsiliesning sentiCre8Floo pyfarh cF @ axewipbs Compepition ¥ ¢ e wisd a

general pH range from.,about t Q. about 4 an f m
about 1. & sTeaamanapton e i RV T PO ned Relhfih i SAMBE AT,
first addigisPingwpparatisié ﬁilﬂw@paﬁid&hélQMicldé\NisF&eﬁhBﬂeadﬁiedlot drytdoeh@d wat er .
Next, oxalic acid s added which is then followed by 15 the add‘igciei on of the
DOWFAX 829Compesitien Arean bejused toremere figne nidensey Eomppation A«@n bepisedin bafhpys
are preferahbly .contin stirred within the container during at |east

t he corrpos\"’?ti %$r¥6g?§€ﬁﬁg%pt. The container is typically an open-top

cont ai ner such a beaker or bucket and is typically made of a plastic type
of material such pol ypropyl ene, polyethylene, or the Iike. 20 Stainless

st eel lYontBicpaiaionp| ack iron and gl ass contai ners shoul d be avoi ded. d ass
containers are known to | each sodiuminto the conposition. HANis a fairly

stabl e materi al N%Hﬂal{lﬁ] gﬁebgéﬁkségi{é&m i9Prephred Uﬁﬁ&& ;&Eﬁéﬂr% dgnmﬁﬁalofmabater

hydrogen peroxi de woul di sadvant ageous. Nitric aci be used but is
not expect edwhich e mm-ohic wirfetant@ypizaly, Sytfyedn|6d) iscadded d Theny MigAds addedut
it has the _disadvantage of 25 possi blly i

VP appar afllowealiriy Aigen phelepHens Bvaer d Hesows dniadsehnape dETede |

a ara i ut' t L
] 1‘3’/9\132612 %gﬁ_ll%ggg{ilgéz\yglg Qiifﬂisﬁr wath 909k, 3PhASH Rtheh ZRAsiréd With 4ip?I fdbe aHD

20 TMAH is incrementally added to obtain a final pH which is a preferably above about 11

but below about 12. These liquids are preferably continuously stirred within the container
during at least the time period during which the composition is prepared.
The container is typically an open-top container such as a beaker or bucket and is
typically made of a plastic type of material such polypropylene, polyethylene, or the like.
25  Stainless steel containers, black iron and glass containers should be avoided. Glass
containers are known in some cases to leach sodium into the solution contained therein,

disadvantageous in the practice of the present invention.

COMPOSITION B

30 Another composition that was found to remove particles and metal ion
contamination is comprised of DI water, oxalic acid, citric acid, lactic acid, and one or

more quaternary amines, choline hydroxide, tetramethylammonium hydroxide (TMAT),

7
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Typically, choline is used to adjust the pH of Composition B (II) to a desired final

value. Composition B(II) has a pH of preferably about 9.0 and is stable during storage.



slurries. That is, the ferric nitrate Fe{N03)3 slurries will typically
remain in an oxidized formwhen in contact with post-cleaiung residual
anounts WO @odpesiti on C, even absent a DI rinse. Notw t hBEEHEIRGIISit i s
considered preferable in the practice of the present invention to enploy a
final distilled water flush of the distribution system 10 Havi ng descri bed
the inventp@padafiogletai |, those skilled in the art will appreciate that,
given the present disclosure, nodifications may be nade to the i nventi on

wi t hout depart i Ggmppgition Béﬂ)slp itynicalbfprepased ﬁs/@frs@mw hespine pithgeedifipyiags
herein. The}{;ﬁée%g o tho#e ﬁa%l rdin 3? ﬂgﬁgm tpn t 53? ﬁP%"E‘&} fg’&i%@b' ifn be

limted to peci preferred ustr

descri Ised. ankboghis. V\OI12/132 12 CLAIIVIS Ws clalm PCTI Uso1/2-tS1-5
1. A conposition for removing chen cal nechanical planarization residue
conprising an adbrisyly s reawised apeum of DA gvaiar 1§ edded to aconfgmer.awtipg the

-sur fact ant g, I ﬁgr%l I
| east one qu ern yog{riﬁ%r@m I:r’g}itignﬁlgg?(gﬁhé c%hgﬁﬂ ésgthgﬂé}lgﬁg‘ng%g%out 10 to
about 12. Sprefé@ably withosiraplisicohostirging ifor a:lbmomhof tnm;tﬁncfalllyﬂ%ppmim{m}ar(b

substantial |y absent. 3. A conposition as.in claiml wherein said at |east
one non- i oMItE FEFh#d fewpeRtIe PR jonHe sty n@Eﬁ‘isai“éitrF‘f?Qg s

monohygly OX ¥y eCRARRM m@pﬂgg %]QEPMI S AEERL o ft‘l‘i!i@ flosklRRS JrRRSIER! andt- A

conposition-as In claim erein sai east one mon-1onic surtactant is
3, 5- di met hthiat the temperatBreodf. the@ol&tmmwmld)bpdsgIﬁhydqwatsthampnblanomdﬂltMmfdnm sai d
out 8. carbo

t | t f 1.t . .6, (A .
2onp§2?t oot Rleg St Seiie ey adiea f6F Siaoil G ARSI RRORER ¢ om 1
to 6 car bogaaAEus sﬁémg .over & BERASHE d;fib?oﬁﬁlately £0 Rin0tSs. R &ipbotsditit fie ppast

one 5| npl e am ne has hydroxyl functionality. 8. A conposition as in claim?7
wher ei n sawill still bmsd alyvié 13 jang the tampn@mrg w3l ineserge somaehatm Wikile girripg,

conposjdtion as | sai S Ki is a
CoTPostbt BB Al TR I 35 e A% 298010
conposi ti Oﬁnmﬁes of s@hmg"ra letip@hird riSeis @x péctddeariithopH willl tofichlly a@pnd i s
selected fromthe qroup consi sting. of ethylene glycol,. prapylene gl¥col

pol yet hy! emrpreximsely B+ yihedegar SRt kG s petpEEcd imghSetient gqui 1o
compostt1 O 8 askiah Pl WARKAY B oPANL Bl deERS wNGAUBEPONAS ATIOR ©

tetrarrethy amoni um Aconposition as alml erein said
pH i s fronusdddn ttheﬂﬂrodmtmhmf thel@resent composmons Small amounts of citric acid can be
20  added to the solution to increase the pH if the added choline reduces the pH too much,

lying on the alkaline side of the desired pH.

COMPOSITION C
Another composition (Composition C), which is typically somewhat acidic,
25  comprises DI water, hydroxylamine nitrate (HAN), a mild oxidizing acid in comparison
‘ with nitric acid, oxalic acid (as an agent for chelating the iron residues that may be found
on CMP apparatus), and an anionic surfactant, typically DOWFAX 8292 surfactant, and
propylene glycol which acts as a sticking agent so that the cleaning composition will stay
in place for an effective period of time before draining off the apparatus. Additionally, and
30 in general, DOWFAX 8292 surfactant is a sulfonic acid of a phenolic system.
Furthermore, The Composition C was designed particularly to remove iron residues from
the CMP apparatus and thus, the use of the HAN and oxalic acid as components thereof.
Furthermore, Composition C also has utility in cleaning semiconductor wafers to

some degree and under certain conditions. For example, Composition C can be used to
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10 13. A conposition for renoving chem cal mechani cal planarization residue
conpri sing an aqueous solution containing citric acid, lactic acid and at

| east onwageeatdaf2nary am ne, wherein said solution has a pPCDUSEBIES 8. 5.

14. A conposition as in claim13 wherein HF and KOH are substantially
absent . 15clem semieendustor tyaders afer they prgipelishedyMNaraialy sawafes comagaff gne

quat ernary ) [ r.-agt i : raxi da. Lo as in
ol ai m 13 WPORufER pBalyftif S e PHIRRE VRS WL noion Be3RBANA AP 2F

appr oxi mat €bynposititxk € dahdeaeditttrebipveieght Hafces@omlpbsitidn € caaibd usdd/in bdth a
conposition fox renmoving chem cal nechani cal planarization residue

conpri si ngVahPdAEY SEVESIMERlon cont ai ni ng at | east one oxidizing acid, at

| east ope chel ating agent, at |east one sticking agent, at |east one

ani oni ¢ surfactant, wherein said 25 solution has a pH from about 1 to about
4. 18. A conposition as in claim17 wherein HF and KOH are substantially
-absent. 19, A cloosi tion.as in.claim1l7 wherein said at |east one

oxi di zi ng a&PEPIPOSHIN, ROFUODSHm t he group consisting of nitric acid,
sul furic acid, phosphoric acid, hydroxylam ne nitrate and m xtures thereof.
20. A conpositifg as 1n clarm 17 wherein sald at asf one chelatijng agent
conpri segpoxal i §?a1(“lﬁﬂri citric acid or mxtures t 1§?a€§lr§)s 14 WD 02/ 1%2, %2
PCT/ US(1 1/ 2~S1S|Piwaferconposition as in claim17|3f486¢in said at |jeast one
sticking agent is—setectedtromthe_group—consrsting of —ethylene | ycol ,
propyl ene gl ycol Hygtpytimips éh'éatﬁﬂﬁé@:g pol ypr opyl <3h%§3@5%loé Sﬁﬁﬁl‘oﬁ) xtures
thereof. 5 22. Aopetibadiof cleaning residue fromgghem cal nechanj cal

pl anari zati on sloy—distribution-system-conpr-s-hg—a)—iow-ng—the
conposi tion of ¢PAWFAX 8 20umgfaceat d sl urry di stf0B8ti on systemin| an
amount at | east gal _to..the m ni mum vol ume requi by The punping system
and, 10 b) main g{ Rﬁ?@%@?’?ﬁsl urry flow for a '(r:]i lhé&guf 1¥i ci pn? 'rrrg I gm)ze
reside fromsaid slurry distribution system 23. A nethod as in claim22
further conprisjn .omediately follgwn tep ), thereof a 15 fl ushi ng
said slurry di spﬂ%ﬁ’ﬁ? 'Cﬂ@s%%stae%ﬁnﬁ Hﬁd@%%c}?ﬁnﬁ B&%t/)\[/a]tté)ra%o %‘I andapre&)rred

AL AL AN, rB&frofh £botiP].548.aB8ut AHe. AQ & A, ! & An&?. Al &, . A. A H?ac(7J

Preparation

Normally, Composition C is prepared by first adding DI water into a container.

HAN is then added to the DI water. Next, oxalic acid is added which is then followed by

15  the addition of the DOWFAX 8292 surfactant. Finally, propylene glycol is added. These
liquids are preferably continuously stirred within the container during at least the
composition preparation.

The container is typically an open-top container such a beaker or bucket and is
typically made of a plastic type of material such polypropylene, polyethylene, or the like.

20  Stainless steel containers, black iron and glass containers should be avoided. Glass '
containers are known to leach sodium into the composition.

HAN is a fairly stable material and thus, substitution of a less stable material such
hydrogen peroxide would be disadvantageous. Nitric acid may be used but is not expected
to be as efficient as HAN. Hydrochloric acid may be used but it has the disadvantage of

25  possibly being corrosive to portions of the CMP apparatus. Sulfuric or phosphoric acid

could also perhaps be used. However, these acids are not as good as an oxidizer in dilute
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Addltlonally Composition C, which is acidic, can'be used to clean and remove

deposits from slurry distribution systems. Specifically, Composition C can be used to
30 clean and remove deposits of ferric nitrate Fe(NOs); from distribution systems that
typically include at least one slurry holding means and associated distribution conduits
running to individual CMP apparatus.
In use, Composition C is pumped through the distribution system in an amount to at

least provide minimum pump volumes. Composition C is typically pumped through the
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/ 109B&' () - slmnes That is, the ferric n1trate F e(N03)3 slurries will typically remain in an oxidized
form when in contact with post-cleaning residual amounts of Composition C, even absent a
DI rinse. Notwithstanding, it is considered preferable in the practice of the present
invention to employ a final distilled water flush of the distribution system.

10 Having described the invention in detail, those skilled in the art will appreciate that,
given the present disclosure, modifications may be made to the invention without departing
from the spirit of the inventive concept described herein. Therefore, it is not intended that
the scope of the invention be limited to the specific and preferred embodiments illustrated

and described.
15
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15 and mixtures thereof.

4. A composition as in claim 3 wherein said at least one non-ionic surfactant is

3,5-dimethyl 1-hexyn-3-ol.

20 5. A composition as in claim 1 wherein said at least one simple amine has from 1

to about 8 carbon atoms.

6. A composition as in claim 5 wherein said at least one simple amine has from 1

to 6 carbons atoms.

7. A composition as in claim 5 wherein said at least one simple amine has

hydroxyl functionality.

8. A composition as in claim 7 wherein said at least one simple amine is

30 monoethanolamine.

9. A composition as in claim 1 wherein said at least one sticking agent is a

dialcohol organic compound.
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14. A composition as in claim 13 wherein HF and KOH are substantially absent.
15
15. A composition as in claim 13 wherein said at least one quaternary amine is

tetraethylé.mmonium hydroxide.

16. A composition as in claim 13 wherein said citric acid is present in said

20 composition at approximately double the amount by weight of said lactic acid.

17. A composition for removing chemical mechanical planarization residue
comprising an aqueous solution containing at least one oxidizing acid, at least one
chelating agent, at least one sticking agent, at least one anionic surfactant, wherein said

25  solution has a pH from about 1 to about 4.
18. A composition as in claim 17 wherein HF and KOH are substantially absent.

19. A composition as in claim 17 wherein said at least one oxidizing acid is
30  selected from the group consisting of nitric acid, sulfuric acid, phosphoric acid,

hydroxylamine nitrate and mixtures thereof.

20. A composition as in claim 17 wherein said at least one chelating agent

comprises oxalic acid, citric acid or mixtures thereof.
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23. A method as in claim 22 further comprising, immediately following step (b)

thereof:

15 c) flushing said slurry distribution system with de-ionized water.
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